This is a study of 64 cases of recurrent astrocytic II and III tumors which showed progression on tumors of all four WHO grades wherein a compararecurrence (55.3 months for Grade II---7Grade III; 54 tive evaluation of initial vs. recurrent tumor was months for Grade II ---7 Grade IV and 20.6 months for done with respect to histological grading, MIB-l Grade 111---7 IV) as compared to tumors which labeling index (LI) and apoptotic index (AI). The aim recurred to the same grade (12.5 months for Grade was to identifY factor/s that could influence interval III ---7 Grade III and 12.8 months for Grade IV ---7 Grade to recurrence and/or malignant progression. Recur-IV). A statistically significant inverse correlation of renee was noted in all grades and upon recurrence, MIB-l LI with interval to recurrence was noted. 93.3% of grade II (low grade diffuse) astrocytomas Higher the MIB-l LI, shorter was the interval to and 63.6% of grade III anaplastic astrocytomas recurrence. Further a cut off MIB-l LI value of 2.8% underwent malignant progression. However, none of could be proposed in predicting recurrence free surthe Grade I tumors showed evidence of malignant vival. Interestingly, MIB-l LI of grade II tumors, progression. Though interval to recurrence varied which had progressed to grade IV was significantly considerably, there was a correlation with histologihigher than MIB-l LI of grade II tumors which had cal grade of the initial tumor in that grade I and II progressed to grade III. Thus, this study establishes tumors had a significantly longer mean interval to the potential role of MIB-l LI of the initial tumor in recurrence (43 months and 54.8 months respectively) determining interval to recurrence. However, apopas compared to grade III and IV (glioblastoma multitotic index has no role in predicting either interval to forme) tumors (17.6 and 12.8 months respectively). recurrence or malignant progression. (Pathology The interval to recurrence was also longer for grade
Introduction
An important feature of astrocytomas is their inherent tendency to recur after surgical resection. Many WHO grade II (low grade diffuse) astrocytomas and nearly all high grade anaplastic astrocytomas and glioblastoma (WHO grades III and IV respectively) recur at some point 1 Another interesting feature is that upon recurrence, some tumors retain the same histological grade, whereas a significant proportion undergo malignant progression Le. regrow into a more anaplastic form so that the grade of the recurrent tumor is higher than the original tumor. 28
There are as yet no well defined parameters which can either predict the occurrence of recurrence/malignant progression or the interval to recurrence/malignant progression. Histological grading has not been found useful in this regard. Though generally recurrences in high grade tumors occur after shorter interval than in low grade tumors, this is not absolute and unpredictable for a given patient,2,31
Several workers have used proliferation index and p53 gene alterations for prediction of recurrence but results are controversia1. 5 ,8,9, 13, 15, 17, 19, 24, 25, 29 Similarly, the relationship between malignant progression and apoptosis is not clearly defined. 3 ,5,7,24,27 Nakamura et a1 24 studied p53 protein expression, MIB-1 labeling index (MIB-1 LI) and apoptotic index (AI) in 46 recurrent anaplastic astrocytomas and reported that MIB-1 LI and AI were higher in the recurrent compared to the initial tumor. However, no correlation was noted with other parameters.
In this study, we report the clinicopathological features of 64 cases of recurrent astrocytic tumors and the 268 RALTE eta! correlation of histological grade, MIB-l LI and apoptotic index with interval to recurrence and malignant progression.
Materials and Methods
The records of the Neuropathology Laboratory, Department of Pathology, AIIMS as well as those of the Department of Neurosurgery, AIIMS were reviewed over a period of 12 years (1989 to 2000) to identify cases of astrocytic tumors that had recurred after treatment for original tumor.
A total of 64 patients with astrocytic tumors were found to have experienced at least one surgically operated and histologically verified recurrence in this 12 year period. Of the 64 cases, paraffin blocks containing adequate tissues of both primary and recurrent tumor were available only in 56 cases. Staining for MIB-l and apoptosis were done in these 56 cases.
Parameters evaluated and mode ofevaluation

Clinical parameters
Clinical data were obtained from the Departments of Pathology and Neurosurgery. These included age, sex, location and interval to recurrence.
Histological evaluation
The HE slides of the initial and recurrent tumors in each of the 64 cases were jointly reviewed and graded according to WHO criteria. 16 
Definition oftumor groups
The tumors were classified into following groups. Group I: Recurrences showing the same grade as previous/initial tumor.
Group II: Recurrences with malignant progression Le. a) progression from grade II to grade III (II---7 III) b) progression from grade II to grade IV (II---7 IV) c) progression from grade III to grade IV (III---7 IV)
Immunostaining method for MIB-I Immunohistochemical staining was done by the streptavidin-avidin-biotin immunoperoxidase technique (LSAB) using monoclonal antibody to MIB-l (Immunotech, USA). The MIB-l LI was then calculated. One or two representative blocks of formalin fixed paraffin embedded tissue was selected from the initial and recurrent tumor in each case.
SerialS 11 thick sections were cut from the block!s of initial and recurrent tumor thus chosen for each case and taken on poly-L-lysine coated slides (Sigma, USA). The tissue sections were deparaffinised and brought to water. They were then subjected to high temperature microwave antigen unmasking by heating the sections immersed in 10 mM citrated buffer pH 6.0 (prepared by dissolving 2.1gr anhydrous citric acid crystals in 11 distilled water and pH adjusted to 6.0) inside a 600 watt microwave oven in full power for 35 minutes. The slides were allowed to cool to room temperature and then washed briefly with 0.05 M Tris-HCl buffer, pH 7.4. To diminish nonspecific staining (endogenous peroxidase activity) each slide was treated with methanol containing 3 % hydrogen peroxide for 30 mins. (1 part 3% HzO z + 4 parts absolute methanol). After brief rinsing the sections were placed in 0.05 M Tris-HCl buffer pH 7.4 for 10 mins. Excess buffer was tapped off and sections were then overlaid with adequate amount of appropriately diluted primary antibody followed by overnight incubation at 4°C in a humid chamber.
MIB-l antibody was obtained from Immunotech, USA, and was used in a dilution of 1:50. The slides were then washed in three changes (5 mins each) of 0.05 M Tris-HCl buffer, pH 7.4, followed by incubation for 30 mins at room temperature after application of biotinylated secondary antibody of anti mouse immunoglobulins in phosphate buffered saline (PBS) containing carrier protein and 15 mM sodium azide (Large volume universal DAKO LSAB kit, Peroxidase, Dakopatts, Denmark). After 3 washes (5 mins each) in Tris HCl buffer, peroxidase conjugated streptavidin was applied to cover the sections and incubated at room temperature for 30 mins. Slides were rinsed with 3 changes of Tris HCl buffer for 5 mins each. Sections were then covered with substrate chromogen solution freshly prepared by dissolving 1 mg 3,3' -diaminobenzidine tetrahydrochloride or DAB (Sigma, St.Louis, USA) in 1 ml 0.05 M Tris-HCl buffer pH 7.4 containing 1 ]11 HzO z . The slides were incubated at room temperature for 5 to 10 mins under microscopic control till the optimum development of brown coloured peroxidase reaction product. After rinsing in distilled water, the sections were counter stained with Harris Hematoxylin followed by mounting with DPX as mounting media. During each batch of staining, appropriate positive and negative controls were used. Negative control was achieved by omitting the primary antibody. Sections of reactive lymphnode were used as positive control for MIB-1 staining. All incubations were done in humid chamber
Estimation ofMIB-I labeling index (MIB-I LI)
The labeling index (LI) was calculated as a percentage of labeled nuclei per 1000 cells. This was done in initial and recurrent tumors of 56 cases on serial sections. One thousand tumor cells were counted in several areas of tissue in which positively stained nuclei were evenly distributed. But in those cases with uneven distribution of positive nuclei, the LI was generally calculated in the areas with highest density of positive nuclei by visual analysis. This modality was less prone to errors and pro- The grade I tumors mostly occurred in children and young adolescents with a mean age of 15.2 years. Grade II and III tumors were more common in adults with a mean age of 31 and 33.7 years respectively. The grade IV GBMS occurred in the elderly with a mean age of 45.1 years. There was a striking male preponderance in all grades of astrocytic tumors ( Table 1) .
Tunel technique (terminal nucleotidyl transferase d-UTP mediated nick end labeling)
vided evaluation of that part of the tumor with highest growth rate. The range and mean LI values were then calculated.
The TUNEL technique 3 ,5,7,z3 was done using the TUNEL kit obtained from Boehringer-Mannheim, Germany. Briefly: five micron thick sections were deparaffinised and brought to water. Nuclei of the tissue sections were stripped from proteins by incubation with proteinase-K (20 llg/ml in 10 mM Tris-HCl buffer pH 7.6) for 30 mins at 37"C. The slides were then washed in phosphate buffered saline (PBS) 3 times. Endogenous peroxidase was blocked by covering the sections with 0.3% of hydrogen peroxide in methanol for 30 mins. at room temperature. The sections were rinsed with PBS 3 times and covered with 50 III of TUNEL mixture and incubated in humid chamber at 37"C for 60 mins. Washing in PBS 3 times and the area around the sample dried. The sections were then covered with 50 III of converter peroxidase mixture and incubated in humid chamber at 37"C for 60 mins. Washing with PBS x 3 times. Sections were then covered with substrate chromogen solution prepared freshly by dissolving 1 mg of 3,3' -diaminobenzidine tetra hydrochloride or DAB (MIs Sigma St. Louis, USA) in 1 ml 0.05 M Tris-HCl buffer pH 7.4 containing 11 HzO z . The slides were incubated at room temperature for 5-10 min under microscopic control till the optimum development of brown colored peroxidase reaction product. After rinsing in distilled water the sections were counter stained with Harris hematoxylin followed by mounting with DPX as mounting media.
Estimation ofapoptotic index (AI)
Location ofprimary tumors AI was determined by counting 1000 cells and expressing it as number of labeled cells per 1000 cells. Labeled cells adjacent to or within necrotic areas were excluded while counting the apoptotic index .The range and mean were then calculated.
All 64 cases were supratentorial hemispheric in location except 4 cases of grade I (pilocytic astrocytoma) which occurred in the cerebellum. The various sites where the tumors were located are: frontal-20, parietal-18, temporal-16, frontoparietal-2, optic nerve -3, cerebellum -4. 
Treatment ofinitial and recurrent tumors
All initial tumors were primarily treated by surgical resection which aimed at maximal tumor removal (macroscopic total resection> 90%) without risking useful neurological functions. This usually implied frontal or temporal lobectomy for tumors situated in the polar regions and extensive removal for tumors in the central and parietal regions. All patients received conventional radiotherapy following surgery.
The recurrent tumors were also excised to variable extents. Subsequently, radiotherapy was given again. Information on chemotherapy was available in 23/26 patients with grade III and IV tumors. All received chemotherapy following the first surgery. In addition chemotherapy was given again following surgery for the recurrent tumor in 22 of these cases. (TABLE 1) . This phenomenon was observed with grade II and III tumors. Thus, 28/30 (93.3%) of grade II astrocytomas underwent malignant progression on recurrence. Twelve (42.9%) progressed to grade III while 16 (57.1%) progressed to grade IV GBM (secondary GBM).
Histological grading ofrecurrent tumors
RECURRENT TUMORS WITH EVIDENCE OF MALIGNANT PRO-GRESSION
Interestingly, all the 10 gemistocytic astrocytomas underwent malignant progression on recurrence-7 to GBM and 3 to grade III. Similarly, 7/11 (63.6%) of grade III anaplastic astrocytomas recurred as grade IV GBM (secondary GBM).
RECURRENT TUMORS WHEREIN HISTOLOGICAL GRADE WAS THE SAME AS THE ORIGINAL TUMOR (TABLE 1). All the 8 recurrent grade I pilocytic astrocytomas were of the same Table 2 . Interval to recurrence yearly grade. There was no evidence of malignant progression in any of them. Similarly, all the 15 grade IV G BMS recurred to the same grade. However, of the 30 low-grade (grade II) astrocytomas, only 2 (6.7%) recurred to the same grade. Similarly, only 4 of the 11 (36.4%) grade III anaplastic astrocytomas underwent recurrence to the same grade.
PRIMARY VS. SECONDARY GBM. There were a total of 38 recurrent GBMs in this study. 23 of the 38 (60.5%) were secondary GBM having arisen by progression from grade II and III tumors. The remaining 15 were de novo (primary) GBMs and recurred to the same grade.
Site ofrecurrence
All the 64 tumors recurred at the same (original) site. Only one patient had a second recurrence.
Interval to recurrence
INTERVAL TO RECURRENCE AND HISTOLOGICAL GRADING OF INITIAL TUMOR. The interval to recurrence was defined by the time interval between the first operation for the initial/primary tumor and the operation for the first recurrence. The 64 tumors recurred 6 to 188 months after initial treatment (mean = 32 months). The range was astonishingly wide in all grades of astrocytomas ( Table 2) grade III vs. grade IV tumors was however not found to be statistically significant. Therefore, it appears that grade II tumors take a longer time to recur possibly because of their comparatively lower biologic malignant potential as well as because of the genetic mutations which they have to acquire to progress to higher grades. However, for a given patient, the course is unpredictable.
InteIVal to recurrence in tumors with and without progression (Tables 2)
GRADE I (PILOCYTIC ) ASTROCYTOMAS. The recurrence of grade I tumors was variable occurring over a wide range (9 months to 10 years) with a mean of 42.9 months. No special trend was observed.
GRADE II (LOW GRADE DIFFUSE ASTROCYTOMAS).
Without progression (grade II to grade II): There were only 2 tumors in this group. 1 recurred at 27 months and the other at 90 months.
With progression (grade II to grade III/IV): The mean interval to recurrence of grade II tumors progressing to grade III was 55.3 months (range 6-185 months) while that of grade II progressing to grade IV was 54 months (range 13-188 months). There was statistically no difference in the mean interval to recurrence in the two groups. However, on dividing the interval to recurrence year-wise, an interesting pattern was observed. In the grade II to III progression group, 66.7% (8/12) recurred between 2-5 years. But, in the grade II to IV category, 56% (9/16) recurred between 1-3 years Le there was a slight shift to the left. With progression (grade III to IV): The mean interval to recurrence of grade III tumors which progressed to grade IV was 20.6 months. This was statistically not significant from the group without progression. An interesting difference observed was that 85% (6/7) of the grade III to grade IV progression tumors recurred in the 1-3 years period, unlike the grade III to grade III nonprogression tumors which recurred in the first two years Le. there was a slight shift to the right in the progression category. Table 3) .
GRADE IV TUMORS (DE NOVO GBMs
INTERVAL TO RECURRENCE IN SECONDARY VS. DE NOVO
GBMs. In the present study, there were a total of 38 recurrent GBMs, of which 15 were de novo and the remaining 23 were secondary GBMs. The mean interval to recurrence of de novo GBMs was very short (12.8 mths) with 93.3 % recurring within the first two years and 60% within the first year (Table 2 and 3) . Interestingly, the mean interval to recurrence of secondary GBMs was significant1y longer than that of de novo GBMs-20.6 months for grade III to grade IV progression and 53.9 months for 
MIB-l LIin recurrent tumors MIB-l labeling index (MIB-l LI)
Kruskal Wallis' test non-parametric one way ANOVA with multiple range test: ** Gr II vs Gr III: Significant (p<O.OI); Gr II vs GrIV : Significant (p<O.OI); *GrI vs other Grds : Significant (p<O.OI); Gr III vs GrIV; Not significant MIB-l LI OF PRIMARY TUMORS. The MIB-l labeling index (LI) of initial tumors showed a positive correlation with histologic grade (Table 4A and Figure lA,B) with the MIB-l LI increasing with increase in grade. This difference was found to be statistically significant except between grades III and IV. The median MIB-l LI for 56 cases was 2.8%. Gemistocytic astrocytomas showed a relatively higher MIB-l LI (mean 4.2) as compared to other grade II astrocytomas (mean 3.8).
grade II to grade IV progression. Also, most secondary GBMs recurred 1-3 years after initial tumor surgery. Further, even the difference between grade III to IV progression was statistically significantly shorter (20.6 months) than grade II to IV tumor progression which was much longer (53.9 months) (Table 3 ).
Hence, there seems to be a correlation of interval to recurrence both with initial grade of tumor and progression. Progression requires longer time especially with grade II tumors and possibly because of the time required for acquiring genetic mutations.
WITH PROGRESSION. Parallel with increase in anaplasia, the recurrent tumors with malignant progression showed a higher LI than their initial tumors (Table 4B and Figure 2) .
The mean initial LI of grade II astrocytomas was 1.8% whereas it increased to 8.64% when it recurred as grade III anaplastic astrocytoma. Similarly the initial LI of grade II tumors which progressed to grade IV was 5.35% which increased to 12.16% in the recurrent tumors. This difference in LI between initial and recurrent grade II tumors with progression was found to be statistically significant (Table 4B and Figure 2) . The recurrent tumors of grade III with progression also had higher labeling index than the initial tumors. However, this variable did not quite reach statistical significance which may be attributed to the relatively small population of patients with such tumors that were studied (Table 4B and Figure 2) .
WITHOUT PROGRESSION. The MIB1-LI of the recurrent tumors which were of the same grade as their initial tumor [II (n=8), IIII (n-=I), IIIIII (n=4) and IVIV (n=14)] was slightly more, but the difference was not statistically significant (Table 4B and Figure 2 ). An interesting observation was that when we compared the initial MIB-l LI in grade II tumors which had progressed to grade III vis a vis grade II tumors which had progressed to grade IV, there was a statistically significant difference. No similar significant difference was however found between grade III tumors which had progressed to grade IV and which had not (Table 4Bj . This was again attributed to the small number of cases of this grade in each subgroup.
MIB-l LI IN RECURRENT GRADE III TUMORS ARISING BY PROGRESSION VS RECURRENT DE NOVO GRADE III TUMORS.
No difference was observed in MIB-l LI between the two groups (Table 4B) which had arisen from Grade II was 8.64±1O. 7 while those of grade III which had recurred without progression was 15.4±12.3. This difference was not statistically significant (One way ANOVA non-parameteric).
higher than those of LI more than 2.8%. In the 28 cases, which had MIB-l LI of:S; 2.8%, the mean interval to recurrence was 42 months and the median was 32 months. In contrast, the 28 cases which had MIB-l LI of > 28% had a Table 5A . MIB-l LI and interval to recurrence
Pearson's correlation coefficient; Significant (r= -0.36; p<O.OI). Figure 3A) . Thus interval to recurrence was :s; 1 year when the mean MIB-l LI was the highest (9.74±8.97), while the interval was longest (5-10 years) when mean MIB-l LI was lowest (1.26±0.45) ( Figure  3A ). This correlation was found to be statistically significant by Pearson's correlation coefficient (Table 5A ). When this comparison was done according to grades, the same trend was observed. There was decrease in the MIB-l LI with increasing interval to recurrence in each grade. But no statistical analysis could be done due to the small numbers in each group ( Figure 3B , Table 5B ). Another observation showed that MIB-l LI correlated with interval to recurrence. We took the median MIB-l LI of 2.8% of 56 cases as the cut off point and then compared the mean and median interval to recurrence of those cases which had an LI of:S; 2.8% vs. those with an LI of> 2.8%. It was found that the mean and median interval to recurrence of those cases which had an LI lower than 2.8% was significantly MIB-l LI IN SECONDARY GBM VS RECURRENT DE NOVO GBM. Again no statistically significant difference was observed between MIB-l LI of recurrent de novo tumors vs. recurrent tumors of the same grade which had arisen by malignant progression (One way ANOVA non-parameteric) (Table 4B ). The mean MIB-l LI of the de novo GBMs was 13.8±9.4 while that of all secondary GBMs (13 arising from II-IV progression and 6 arising by III-IV progression) was 11.53±8.4. MIB-1 LI AND MALIGNANT PROGRESSION. We again used the median LI of 2.8% as the cut off point and compared whether there was any relationship to malignant progression. There was no statistical difference between the two groups. Thus, of the 28 cases with MIB-1 LI of Q.8, 14 (50%) of cases did not undergo progression while the remaining 14 (50%) underwent progression in both LI groups. Similarly, in the 28 cases with MIB-1 LI >2.8, 16 cases (57.1%) showed malignant progression while the remaining 12 (42.9%) did not show progression. The difference was not statistically significant by the chi-square test. 
Apoptotic index
0+------------------''-------,
Apoptosis was low in both the initial and recurrent tumors in all grades (Table 6 and Figure 4 ). Though recurrent tumors had a slightly higher AI than their initial counterparts, this was not statistically significant. There was no correlation between AI with interval to recurrence and malignant progression.
One of the important features of astrocytic tumors is their inherent tendency to recur. Another interesting feature is that this recurrence is often associated with the transition to a higher grade of malignancy. For all practical purposes, recurrence appears to be inevitable, irrespective of the therapeutic modality employed for the treatment of the primary tumors. It is this high recurrence rate which is one of the main reasons for the poor prognostic outcome in astrocytic tumors.
The present series is a comparative study of 64 cases of recurrent astrocytic tumors of all 4 grades, diagnosed and treated in the same institution. To the best of our knowledge, this is one of the largest series of recurrent astrocytic tumors in the English literature wherein markers of proliferation and apoptosis have been simultaneously evaluated.
In the present study, recurrence was associated with malignant progression in 93.3% of low grade diffuse (Grade II) astrocytomas. Interestingly, all the 10 gemistocytic astrocytomas were associated with progression on recurrence -3 to Grade III and 7 to GBM. This is in keeping with the reports in literature that gemistocytic astrocytomas have a poorer outcome as compared to other types of low grade astrocytomas.
36 64% of the anaplastic astrocytomas alone underwent progression on recurrence. Interestingly, none of the 8 pilocytic astrocytomas showed progression. All of them recurred to the same grade The present study revealed that the interval to recurrence was primarily dependent on the initial grade of the tumors 54.8 months. This was in contrast to grade III and IV tumors where the interval to recurrence was very short -17.6 months for grade III and 12.9 months for grade IV tumors respectively. Another interesting observation in the present study was that the interval to recurrence showed a correlation with malignant progression. Thus, mean interval to recurrence of grade III and Grade IV astrocytomas recurring to the same grade was very short (12.5 months and 12.8 months respectively). Further, all such recurrences occurred within the first 2 years, with 50-60% within the first year.
In contrast, the mean interval to recurrence of grade II and grade III astrocytomas with progression to GBM was relatively longer -20.6 months for Gr III---7IV, 55.3 months for Gr II ---7 III and 53.9 months for Gr II ---7 IV. Further, most of the recurrences with progression (33/35 or 94%) occurred after the first year (shift to the right). Only lout of 12 Gr II ---7 III progression and lout of 6 Grade III ---7 IV progression occurred within the first year.
Interestingly, recurrence to the Gr II ---7 III/IV conversion took significantly longer (53.3 & 53.9 months respectively) than the Gr III ---7 IV conversion (20.6 months). All the above observations suggest that recurrence with progression possibly takes longer than recurrence to the same grade. This can possibly be attributed to the time required to acquire genetic mutations for progression. Recurrence to the same grade may possibly be shorter due to re-growth of residual tumor, without the acquisition of further genetic alterations.
The incidence and timing of the conversion of a diffuse cerebral astrocytoma with a low degree of malignancy into an anaplastic astrocytoma or a GBM, while to be anticipated are impossible to predict in an individual case. However, if a tumor recurred more than 2 years after initial 276 RALTE eta! surgery, the chances of it having undergone malignant progression was very high.
Of showing malignant progression. Thus, the mean interval to recurrence of the low grade astrocytomas which had undergone malignant progression was longer than those which recurred to the same grade.
In a study by Watanabe et al,36 they showed that the time interval for progression of anaplastic astrocytoma to GBM varies considerably with a mean of 2 years. Recht et al 36 reported that 50% of astrocytomas undergo malignant change within 6 years. Winger et al 37 noted that 10% of high grade gliomas had a clinically apparent low grade phase.
Tandon et al 31 from AIIMS showed that out of 200 patients of supratentorial gliomas treated by radical surgical excision and radiotherapy, 100 cases (50%) showed CT confirmed recurrence, of which 44 were histologically confirmed. Interestingly, 15 of the 20 recurrent grade II astrocytomas had undergone malignant progression. Recurrence was generally earlier in patients with anaplastic astrocytoma and GBM. However, in a given case, the timing of recurrence was unpredictable; as short as 1 year in one pilocytic astrocytoma and as long as 6 years in one case of GBM. Afra et al 2 also noted a variable period of recurrence the shortest being 4 months and longest 89 months.
Analysis of a wide range of astrocytic tumors showed a gross correlation of proliferation with clinical outcome. 4 ,IO,II,12 Several studies have given a cut off value for MIB-Iabeling index beyond which prognosis was poor. Montine et al 21 reported that a MIB-LI >7.5% was associated with higher histological grade and poorer survival. Jaros et al 14 found a LI of >5% to be the threshold value for predictive shorter survival. McKeever et al 20 in their analysis of 50 cases of grade II astrocytomas, used an LI of 2% as cut off value and found that 82% of patients who had a MIB-l LI of > 2% died within the 10 year follow up period while only 23% of patients who had a MIB-l LI of :s; 2% died within the same period.
Similarly, Enestrom et al 6 studied MIB-l LI in 22 cases of recurrent astrocytomas. They found that dividing MIB-l LI in < or = 10% vs > 10% significantly separated parameters such as the time interval for recurrence as well as cumulative proportion of survival. Schiffer et al 29 with 8% as cut off value, divided the MIB-I LI in two groups with significantly different survival and concluded that MIB LI is an important prognostic indicator. Hoshi et al 9 in their study of 47 low grade astrocytomas found a correlation between MIB-l LI and recurrence. Nakamura et al 24 studied 46 recurrent astrocytomas and found that the clinical outcome of patients was associated with the proliferative activity of the initial tumor particularly in anaplastic astrocytomas.
Thus, several studies suggest that the proliferative potential correlates inversely with survival and time interval to recurrence. However, this finding is inconsistent in individual cases as shown by Kaluza et aIlS who analyzed the MIB-LI in 37 recurrent tumors and did not find any correlation with interval to recurrence or malignant progression. Similarly, Litofsky et al 19 studied the MIB-LI in 27 recurrent cases of astrocytomas and also found no such correlation. Hilton et als also reported that survival in patients with fibrillary astrocytoma did not correlate with Ki-67 expression.
It was observed in the present study that the MIB-I LI correlated with the grade of the initial tumor. There was an inverse correlation of MIB-l with interval to recurrence in ....
... 
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that tumors with higher LI were found to have a shorter interval to recurrence and this was statistically significant.
On taking the median LI of 2.8% as cut off value, we found that tumors with LI < 2.8% had statistically significant longer interval to recurrence. We did not find a similar statistical correlation with malignant progression at recurrence although the tumors at recurrence showed a higher LI than the initial tumors. However, there was a statistical difference between the LI of grade II tumors which had progressed to grade III vis a vis grade II which progressed grade IV, the latter LI being significantly higher.
In this study, gemistocytic astrocytomas seem to have a sinister prognostic outcome because of their high propensity for malignant progression at recurrence and higher MIB-l LI (mean 4.2), similar to that reported by Watanabe et a1. 35 Grade I pilocytic astrocytomas appear to be biologically different from grades II, III & IV astrocytic tumors which formed a continuous spectrum of progression. Thus none of the Grade I tumors progressed to higher grades at recurrence. These findings are similar to that reported by von Deimling et a1. 33 ,34
The relationship between malignant potential and apoptosis in astrocytic tumors is not clearly defined. Ellison et a1,5 Heesters et al 7 and Carrol et al 3 found no correlation between apoptotic rate and histopathological grades. Nakamura et al 24 observed that AI was higher in the recurrent compared to the initial tumors. In the present study, we did not observe any correlation between AI and interval to recurrence or malignant progression. Thus, this study establishes that though interval to recurrence varies considerably, there is a correlation with the following three parameters: a) histological grade of primary tumor. Thus grade II tumor show longer interval to recurrence than grades III and IV tumors; b) MIB-l LI of the primary tumor at diagnosis -higher MIB-l LI is associated with shorter interval to recurrence; c) malignant progression at recurrence presumably because of accumulation of genetic mutations. Malignant progression is associated with longer interval to recurrence. Thus, a primary grade II tumor with low initial MIB-l LI of <2.8 and which undergoes progression to Grade III/IV at recurrence will predictably have a relatively longer interval to recurrence than a Grade IV tumor with high MIB-l LI recurring to same grade. Another important observation in this study was that malignant progression at recurrence did not show an absolute correlation with MIB-l LI or AI. Apoptotic index had no role as a parameter for predicting either interval to recurrence or malignant progression.
Therefore, it can be inferred that MIB-l proliferation index can be used as a prognostic marker in predicting recurrence free survival in astrocytic tumors. 
